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Editor: Damia BarceloAmong the determinants of environmental health risk perception, health literacy and social media messages
have been generally neglected. This study details the environmental health risk perception and its determinants
in Italian university students, including ameasure of functional health literacy and an analysis of newspapers and
social media. A cross sectional survey was carried out among students from 15 Italian universities and different
disciplines (grouped into Scientiﬁc-Health and Humanistic-Legal-Social sectors) using a self-administered anon-
ymous questionnaire, divided into six sections: socio-demographic characteristics, information on health and en-
vironment, environmental health risk perception, trust, attitudes and behaviors and functional health literacy.
Local newspapers and tweets in the same areas and period were analyzed in relation to quantity and topics.
The study population included 4778 students (65.1% female) aged 21± 4.3 years, and functional health literacy
was low (below the cutoff value) for 44.4% of students.
A new outcome of the survey is that the detected association between high functional health literacy a higher
global health risk perception and trust in institutions both as sources of information and as actors for protection
against environmental risks.
The internet and social networks were the most frequently consulted sources of information (77.7%), which was
predictive of a higher risk perception. The possible relation between environmental health risk perception and
tweet communication was highlighted by a comparison between the risk perception in the city with the highest
number of tweets (Modena) and another one similar for socio-demographic characteristics (Pisa). In conclusion,
the results of our studymay be of help to strengthen information and education programs: functional health lit-
eracy should be taken into account in school programs, to produce a basic knowledge for a better understanding
of health and environment. Moreover, mass and social media should be included in planning communication in-
tervention and in verifying their results.
© 2019 Elsevier B.V. All rights reserved.Keywords:
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Risk communication1. Introduction
Risk communication is deﬁned by WHO as an essential component
of the risk analysis, strictly linked to the other two components of risk
assessment and management, at the basis of public health prevention
strategies (WHO, 2013; Covello and Allen, 1988). The environmental
risk communication from public health institutions should be carefully
programmed and based on an accurate study of the context (Covello,
2003; Smillie and Blissett, 2010), including the assessment of public
risk perception and trust as well as their determinants.
According to the studies on environmental health risk perception
(Sandman, 2003), it includes a combination of “hazard” (the risk evalu-
ated by experts: probability times severity of harm) and “outrage” (a
global emotional experience of fear, anger and concern, causing a feel-
ing of injustice).
Various determinants of the outrage have been identiﬁed, including:
voluntariness, control, fairness, process, morality, familiarity, memora-
bility, dread, diffusion in time and space (Sandman, 1987, 2003). They
mainly pertain to the nature of risk and theways it is managed by insti-
tutions; however, an important role could also be attributed to people's
attitudes, trust and awareness and the media inﬂuence.
Health literacy and mass media/social media information are rarely
considered in studies and guidelines (Kuroda et al., 2018), despite
their proven representativeness of risk perception, awareness and be-
haviors in many contexts (Institute of Medicine, 2004; Bennett et al.,
2010; Berkman et al., 2011; Kickbusch et al., 2013).
Health literacy was initially deﬁned as “the capacity to obtain, pro-
cess and understand basic health information and services needed to
make appropriate health decisions” (Ratzan and Parker, 2000;
Institute of Medicine, 2004). It has subsequently been given a more
complex deﬁnition, differentiating between functional, communicative
and critical health literacy (Nutbeam, 2000, 2008), where functional
health literacy represents the baseline individual literacy skills needed
to read and understand health information.
The growing complexity of health-related information scenarios has
led to further distinctions, deﬁning e-health literacy (Kayser et al., 2018)
and health literacy related to speciﬁc topics such as vaccine health liter-
acy (Lorini et al., 2018) or environmental health literacy (Finn and
O'Fallon, 2017). In studies where measurements of health literacyore, A. Azara, et al., Environm
ironment, https://doi.org/10.1have been included in surveys on attitudes and perceptions, they were
found to be strongly related to knowledge, health behaviors, health out-
comes and medical costs (Institute of Medicine, 2004; Berkman et al.,
2011; Kickbusch et al., 2013). On the other hand, few studies have in-
vestigated the relationships between health literacy and risk perception
of environmental issues (Kuroda et al., 2018).
Mass media have a signiﬁcant inﬂuence both on the knowledge and
attitudes of people (Nelkin, 1987), as well as risk perception (Bennett
et al., 2010). Studying mass media information is a useful mean to un-
derstand social “sentiments” and tendencies in political debates
(Scheufele, 2014). In addition, it has also been used to estimate the pub-
lic risk perceptions regarding health-related topics, such as epidemics
(Dettori et al., 2018), vaccines (Aquino et al., 2017) or environmental
risks (Carducci et al., 2017; Dettori et al., 2019).
The aim of the present study was to give a broad picture of the envi-
ronmental health risk perception and its determinants in university stu-
dents in Italy, by analyzing 15 universities and students from different
disciplines.
In response to the lack of information on the relations of health liter-
acy and mass media/social media messages with environmental health
risk perceptions as well as the lack of tools to investigate them, our
study included factors such as functional health literacy, mass media
and social media coverage.
Another speciﬁc objectivewas to propose a functional health literacy
measure that would be easily applicable in environmental risks percep-
tion surveys. This is represented by a simple test, which it has been al-
ready used in previous studies for other topics and populations
(Calamusa et al., 2012) and it is easily translatable in other languages
and contexts.
2. Methods
2.1. Study population and data collection
From November 2017 to January 2018 we conducted a survey
among students attending courses in 15 Italian Universities: Bari,
Camerino, Catania, Chieti, Florence, Genoa, Lecce, Messina, Milan, Mo-
dena, Naples, Padua, Pisa, Sassari, and Turin (Fig. 1). Students were dis-
tributed in the sectors of Scientiﬁc-Health (biological andent and health: Risk perception and its determinants among Italian
016/j.scitotenv.2019.07.201
Fig. 1. Location of the universities involved, gender distribution and sample size.
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mathematics, civil and industrial engineering) and Humanistic-Legal-
Social (sociology, political sciences, communication sciences, literature,
philosophy, cultural heritage, business economics, economics and ﬁ-
nance, law).
The survey instrument was a questionnaire, distributed by re-
searchers in classrooms or study rooms, autonomously compiled by
the students in the same places and collected immediately after compi-
lation in boxes to guarantee the anonymity. This modality conﬁgures
the study as cross-sectional, and the measurements of risk perception
as prevalence in a population which represents future adult leaders in
scientiﬁc as well as humanistic sectors. Before the distribution, re-
searchers explained to the participants how ﬁlling out the self-
administered questionnaire, informed consent was being given for the
use of data for research purposes, according to the Law for Protection
of Personal Data and the European Code of Conduct for Research Integ-
rity (at www.allea.org), established by the ALLEA (All European Aca-
demics). The questionnaire and the study protocol were approved by
the Ethical Committee of the University of Milan.
The questionnairewas tested, adjusted and validated through a pilot
study, carried out on a convenience sample of 362 students in seven
universities (Bari, Catania, Chieti, Messina, Modena, Pisa, Sassari).
The internal consistency of the Risk Perception Index sections was
assessed with Cronbach's alpha test.
The ﬁnal questionnaire (available in the Supplemental Material
A) consisted of 21 close-ended questions and was divided into six
sections:
1) Socio-demographic characteristics: gender, age, area of residence
and the sector of university degree course attended (Scientiﬁc-
Health or Humanistic-Legal-Social);Please cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
university students, Science of the Total Environment, https://doi.org/10.12) Information: 1. Sources. 2. Trust in these sources. 3. Perceived quality
of information. 4. Self-evaluation of knowledge on environmental
health risks. The trust was measured by a Likert 4-point-scale (1
= none, 2 = little, 3 = limited, 4 = a lot);
3) Environmental health risk perception was explored through ﬁve
questions: 1. Estimation of burden of environmental diseases. 2.
Opinion on the association between environmental factors and
some diseases (6 items). 3. Risk perception regarding environmental
risks (25 items). They were chosen to provide a list as wide as possi-
ble of the issues of concern for the population. 4. Risk perception of
behavioral risks (5 items). 5. General environmental health risk per-
ception and self-perception of their own health status (6 items). 6.
Smoking habits, to ﬁnd relations with environmental risk percep-
tion. Except for questions 1 and 6, the answerswere coded according
to a Likert 5-point-scale (1=not important, 2=not very important,
3 = quite important, 4 = very important, 5 = extremely impor-
tant). For question in point 3, a “global risk perception index” was
calculated summing the scores given to the single items
(maximum = 125). For question in point 5, scores were summed
to calculate a “general risk perception index”;
4) Trust in different subjects: 1. Evaluation of the importance for
pollution reduction and control (11 items: 6 institutional
and 5 non-institutional subjects). 2. Evaluation of the extent
to which these subjects fulﬁll pollution reduction and control.
The answers were coded according to a Likert 5-point-scale (1
= scarce, 2 = sufﬁcient, 3 = medium, 4 = high, 5 = very
high). Global indexes of trust (for institutional and non-
institutional subjects) were calculated by the sum of scores for
the corresponding items;
5) Attitudes and behaviors in reducing and controlling environmental
pollution (ﬁve questions): the answers to this section were notent and health: Risk perception and its determinants among Italian
016/j.scitotenv.2019.07.201
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publication;
6) Functional health literacy: to measure the ability to read and under-
stand information related to health, a tool previously designed was
used (Calamusa et al., 2012) in order to include this factor in KPAB
(Knowledge Perceptions Attitudes and Behaviors) questionnaires
on different themes. Brieﬂy, the understanding of 12 terms (chosen
from a list of themost commonwords obtained through a computa-
tional linguistic analysis of a sample of information leaﬂets of the 38
bestselling over-the-countermedicines)was tested by askingpartic-
ipants to place them in the correct section of a stylized body divided
into four sections.
2.2. Newspapers and social media analysis
A search of articles published by local newspapers of the participat-
ing cities in the days immediately preceding and during the survey pe-
riod (speciﬁc for each city) was carried out with three keywords
(pollution, air pollution and smog). The articles were then examined
by two independent reviewers in relation to the pertinence, topic and
tone of the message. The tones of the messages were classiﬁed either
as alarming or not alarming.
For the same periods, tweets with the same keywords were
downloaded with NCapture (QSR© International Pty Ltd. NCapture
Help.) and reviewed in terms of pertinence and topic and tone.
2.3. Data analysis
The answers to the questionnaire were coded as qualitative data or
scores, according to the question, and analyzed with SPSS 21.0 software
(SPSS Inc., Chicago, IL, USA).
The frequency of answers was compared with the chi-squared test
and Cramers' V. For the Likert scales, the medians were calculated. For
some questions (i.e. trust in sources of information, risk perception
and trust in subjects for pollution control) a global score was calculated
summing the single items. Global trust indexes were calculated sepa-
rately for the institutional subjects (Ministries of Health and Environ-
ment, Public Health and Regional Environmental Agencies,
Municipalities, Regions and Physicians) and for the non-institutional
subjects (“ecolabel” industries, environmentalist associations, non-
governmental organizations, local community stakeholders, and indi-
vidual citizens).
For the functional health literacy, each answer was coded as 1 (cor-
rect) or 0 (missing or incorrect), and a total functional health literacy
score was calculated (minimum 0, maximum 12). The total score was
divided into two levels: ≤ 9 (low functional health literacy) and N 9
(high functional health literacy) based on its median value (Calamusa
et al., 2012).
A bivariate analysis was performed using Student's t-test or Mann-
Whitney U test, as appropriate, whereas the multiple group compari-
sons were carried out with analysis of variance (ANOVA) or Kruskall-
Wallis test.
A multiple logistic analysis was performed to ﬁnd the determinants
of risk perception and trust. The following variables were thus dichoto-
mized (taking the median as the cutoff value): risk perception index
(low ≤75, high ≥ 75) and trust in institutional subjects (low ≤21, high
≥21) and in non-institutional subjects (low ≤15 high ≥ 15) as dependent
variables, the internet and socialmedia as sources of information (yes or
no), functional health literacy (low= ≤ 9, high ≥ 9), gender, area of res-
idence (centre-north and south-islands) and smoking habits as inde-
pendent variables.
In order to evaluate the impact of newspapers and twitter informa-
tion on risk perception, the correlation between the number of alarming
articles and risk perception index for cities was investigated and the
samewas done for tweets. In the case of cites showing a peak of Twitter
or newspapers articles, a more extensive analysis was planned to com-
pare risk perception, globally and for a single risk factor.Please cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
university students, Science of the Total Environment, https://doi.org/10.1The results obtained revealed a peak in Modena: the data from this
city were compared with those from Pisa, which in turn shows a high
number of tweets and is similar to Modenawith regard to demographic
characteristics (ISTAT, 2018).
All the statistical tests were two-sided and p-values were calculated
to show the level of differences/associations. The most recent epidemi-
ological tendencies suggest not to use p statistics to deﬁne signiﬁcance
because there is an intrinsic risk of misinterpreting the data, i.e. to
give importance to information that have not and, vice versa, to neglect
important data (Rothman et al., 2008; Wasserstein and Lazar, 2016).
Nevertheless, we decided to highlight (with asterisks in the tables)
the most relevant differences/associations in order to facilitate data
interpretation.
3. Results
3.1. Internal consistency of the questionnaire and response rate
Cronbach's alpha reliability test showed a global value of 0.905,
which highlights the very good internal consistency of the global risk
perception index (25 items, values from 25 to 125).
Because the questionnaire was distributed and completed during
lessons or study hours, the response rate was very high (over 99%).
The main explanation reported for the non-respondents was a lack of
time due to exam preparations.
3.2. Study population: Socio-demographic characteristics and health
literacy
The study population included 4778 students (65.1% female) aged
21 ± 4.3 years. A total of 2505 participants (53.2%) belonged to the
scientiﬁc-health sector. Overall, 65.1% of students were following
three-year degree courses (bachelor's degree). The mean functional
health literacy level was 10 ± 3: functional health literacy was ≤9 for
44.4% of students and N 9 for 55.6%. The most represented area of resi-
dencewas southern Italy, including Sicily and Sardiniawhich accounted
for 57.1% of respondents, followed by the centre (25.0%) and the north
(17.9%). Among the socio-demographic variables, functional health lit-
eracy was lower for people following three-year degree courses, and
for the scientiﬁc health-sectors (Fig. 2).
A minor difference was found among areas of residence, with the
highest percentage of functional health literacy N9 in the centre,
followed by the south-islands, and ﬁnally by the north. No difference
in functional health literacy was observed between genders.
3.3. Information
The internet and social networks were the most frequently
consulted sources of information (77.7%), followed by Newspapers
and Weeklies (14.6%), TV and Radio (7.7%). A weak association was
found between the sources of information and gender (e.g. internet
and social networks: Female vs Male, 78.8% vs 75.7%; Newspapers and
Weeklies: Female vs Male, 13.6% vs 16.5%) and the sector (e.g. internet
and social networks: Scientiﬁc-health sector vs Humanities sector,
73.7% vs 83.5%).
Informationwas considered “truthful, but incomplete” by 64% of the
sample; the proportion was higher among functional health literacy N9
students (62.5% vs 65.2%), mainly in Milan (61.7 vs 67) and Turin (67.1
vs 79.3).
Regarding the self-evaluation of their own knowledge about envi-
ronmental health risks, 29.1% of students considered it “satisfying”,
with the main differences due to functional health literacy (≤9 =
25.8% vs N9 = 31.7%), above all in Catania, Chieti, Lecce, Messina and
Milan, and to gender (Male 62.2% vs Female 58.4%).
Although most students consulted the internet and social media as
the main source of information (78%), they placed “moderate” andent and health: Risk perception and its determinants among Italian
016/j.scitotenv.2019.07.201
Fig. 2. Descriptive statistics of socio-demographic variables according to Functional Health Literacy (N= 4778). The sum of the numbers for some characteristic variables is less than the
total due to missing values. Asterix (*) indicates important differences according to the bivariate analysis (Chi-square and U Mann-Whitney test).
5A. Carducci et al. / Science of the Total Environment 691 (2019) xxx“low” trust, respectively on these sources (internet vs social media,
48.6% vs 45.5%) regardless of the level of functional health literacy, gen-
der and sector; whereas students with functional health literacy N9
were more trusting than functional health literacy ≤9 in the Ministry
of Environment (40.3% vs 37.1%), Ministry of Health (44.2% vs 40.8%),
Regional Environmental Protection Agency (34.3% vs 30.9%) and Uni-
versity and Research Institutions (53.9%). On the other hand, students
with functional health literacy ≤9weremore trusting in social networks
(9.1% vs 7.5%) and experts in alternative medicines (23.9% vs 20.5%).
The global trust index for institutional subjects as sources of infor-
mation was higher for functional health literacy N9 (18 vs 17).
No important differences in global trust in sources of information
were found according to the area of residence.
During the timeperiod of the questionnaire distribution, thenumber
of newspaper articles varied among the different cities (Fig. 3), with a
maximum in Turin (21), followed by Lecce (11), Padua and Milan
(10), Sassari (8), Modena (6), Naples (5), Bari (4), Messina and Catania
(3), and Pisa (2). In the remaining cities no pertinent articles were pub-
lished. The most reported topics regarded air pollution (41.0% of arti-
cles), followed by trafﬁc bans (14.5%), pollution in schools (6.0%) and
other (38.6%), and the tone was mainly negative (78.3%).
A positive trend was detected between the number of newspapers
articles and the global risk perception index, although a statistical signif-
icance was not reached, which could be attributable to the small size of
the dataset (number of cities concerned).Fig. 3. Number of newspaper articles for each city in the time period of the questionnaire
distribution.
Please cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
university students, Science of the Total Environment, https://doi.org/10.1The quantitative analysis of tweets for the same cities and periods
(Fig. 4) showed a huge peak in Modena. In the ﬁgure, only cities with
more than zero tweets are reported, according to social media analysis
based on the deﬁned keywords. The qualitative analysis indicated out-
door air quality as themost tweeted topic (70.56%), followed by car traf-
ﬁc (18.45%), exhaust and industrial emissions (2.82%), climate change
(2.25%), chemicals in food or drinkingwater (2.11%), pollution of coasts,
rivers and lakes (1.41%), indoor air quality (1.13%), high-voltage lines,
radio and TV repeaters, cellphones and pollution of groundwater
(0.42%), heating systems and thermoelectric power plants and germs
in food or drinking water (0.14%).3.4. Risk perception
Only 17% of students estimated the global burden of diseases caused
by environmental factors according to WHO (between 21 and 40%),
with differences between functional health literacy levels (14.4 for func-
tional health literacy ≤9 vs 16.5 for functional health literacy N9). Most
students overestimated this burden (82.1%).
Respiratory diseases were considered to be mostly associated with
environmental factors (89.2% of students answered “very” or “ex-
tremely important”) followed by tumors (87.3%), infectious diseases
(77.7%), congenital malformation (61.9%), heart diseases (58.4%) and
neurological disorders (38.9%). No differences were found in relation
to socio-demographic variables, however some differences were de-
tected for functional health literacy in some cities: for functional health
literacy N9 a higher proportion of students answered “very” or “ex-
tremely important” in Bari and Padua regarding tumors, in Bari and Sas-
sari regarding infectious diseases, in Firenze, Messina, Modena and
Sassari regarding congenital malformation, in Bari regarding heart dis-
eases, and in Genoa and Sassari regarding neurological disorders.
The risk perception in relation to speciﬁc environmental risks
(Fig. 5) was highest for the chemical pollution of water and food (me-
dian score 5) and the lowest for urbannoise (median score 3). No differ-
ences were found for functional health literacy.
The perception of single risks was different among cities, above all
for road accidents (perceived higher in Bari, Catania, Genoa, Lecce, Mo-
dena, Padua, Pisa, and Sassari), genetically modiﬁed food (perceived
higher in Catania, Florence, Genoa, Modena, Padua, and Sassari), pollu-
tion of coasts, rivers and lakes (perceived worse in Chieti, Milan, Mo-
dena, Padua, and Turin). The highest number of perceived high risks
was in Padua (7) and Genoa (9). In Naples, the perception was lower
for ﬁve risks (nuclear facilities, exhausts and emissions from industries,ent and health: Risk perception and its determinants among Italian
016/j.scitotenv.2019.07.201
Fig. 4. Quantitative analysis of tweets for each city.
6 A. Carducci et al. / Science of the Total Environment 691 (2019) xxxchemicals in food or drinking water, germs in food or drinking water
and trafﬁc noise).
The global index of risk perception (calculated by summing the
scores for the single risks), generally high (median 96, with amaximum
of 125)was higher for students with functional health literacy N9 (func-
tional health literacy ≤9 vs functional health literacy N9, median: 95 vs
96), and those resident in Genoa, Turin, Sassari and Florence.
A general environmental health risk perception indexwas evaluated
from the opinions on the pollution of water, air, soil and surrounding
environments. This indexwas also positively associatedwith functional
health literacy (functional health literacy ≤9 vs functional health literacy
N9, 95 vs 96).Fig. 5. Risk perception regardi
Please cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
university students, Science of the Total Environment, https://doi.org/10.1The majority (43.8%) of students reported that they were able to
control the risks to their own health and considered their health to be
quite good (83.1%). These data were not inﬂuenced by functional health
literacy, area of residence or gender.
Of the entire sample, 29.4% were smokers, with differences accord-
ing to functional health literacy (functional health literacy ≤9 vs func-
tional health literacy N9, 33.1% vs 26.4%) and (slightly) area of
residence (25.2% in the north, 30.4% in the centre, and 30.3% in the
south and the islands).
Although the global risk perception index (high vs low) was not in-
ﬂuenced by the smoking habits, differences were found between
smokers and non-smokers in several questions of this section.ng environmental factors.
ent and health: Risk perception and its determinants among Italian
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eases, smokers considered it to be signiﬁcantly stronger for tumors
(88.4% vs 86.9%) and heart diseases (52.3% vs 51.5%), non-smokers for
congenital malformation (59.7% vs 62.9%), and neurological disorders
(38.1% vs 39.3%).
Among personal behaviors, students considered smoking as the
most dangerous (89.9% answered “very” or “extremely important”),
followed by inadequate food preservation (65.0%), misuse of chemicals
for domestic purposes (house and garden) (63.1%), exposure to solar ra-
diationwithout any protection (63.0%), and use of pellet stoves (27.4%).
Smoking seems to be related to a different risk perception of these be-
haviors: smokers only attributed more importance to pellet use for
global warming (27.6% of smokers answered “very” or “extremely im-
portant” vs 27.0% of non-smokers). On the other hand, non-smokers at-
tributedmore importance to smoke (non-smokers vs smokers: 90.9% vs
87.6%), solar UV exposure (65.0% vs 58.2%), food preservation (66.0% vs
62.4%) and misuse of chemicals (64.7% vs 59.1%).
The global risk perception indexwas also lower for smokers (median
95 vs 96).
The multiple logistic regression showed that the global risk percep-
tion can be predicted by the use of internet and social media as sources
of information (Table 1).
The number of tweets for all cities was not associated with the gen-
eral risk perception index.
However, therewas a clear difference in this index between Pisa and
Modena (median 93.5 vs 95.5), possibly related to the number of
tweets. The speciﬁc risk perception was lower in Pisa than in Modena
regarding nuclear plants, emissions from heating systems, discharges
and emissions from industries, electromagnetic ﬁelds (high voltage
lines, radio, TV and cell phone repeaters) and genetically modiﬁed
food. Only for the industry emissions and discharges, the number of
tweets was different between the two cities (20 in Modena and 0 in
Pisa).Table 1
ORs and 95% CI of risk perception determinants.
Variables Low risk
perception
n (row %)
High risk
perception
n (row %)
Crude OR (95%
CI)
Adjusted ORa
(95% CI)
Internet and social as sources of informationc
No 149 (14%) 915 (86%) b b
Yes 429 (11.6%) 3281 (88.4%) 0.803
(0.657–0.981)
0.801
(0.653–0.982)
Functional health literacy
High (N9) 296 (11.1%) 2360 (88.9%) b b
Low (≤9) 285 (13.4%) 1837 (86.6%) 1.237
(1.040–1.472)
1.153
(0.965–1.378)
Gender
Female 381 (12.3%) 2726 (87.7%) b b
Male 200 (12%) 1468 (88%) 0.975
(0.812–1.70)
0.988
(0.820–1.190)
Area of residence
North-centre 240 (11.7%) 1809 (88.3%) b b
South-islands 341 (12.5%) 2388 (87.5%) 1.076
(0.903–1.284)
1.113
(0.929–1.333)
Smoking
Never
smoked
380 (11.5%) 2912 (88.5%) b b
Current
smoker
176 (12.8%) 1194 (87.2%) 1.130
(0.933–1.377)
1.117
(0.922–1.354)
a Each odds ratio is adjusted for all other variables in the table.
b Reference category.
c Indicates important differences.
Please cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
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In general students considered “institutional subjects” (Ministries of
Health and Environment, Public Health and Regional Environmental
Agencies, Municipalities, Regions and Physicians) to be more important
than “non institutional” ones (“ecolabel” industries, Environmentalist
Associations, Non-Governmental Organizations, local community
stakeholders and individual citizens) in terms of the protection against
environmental risks (mean: 3.7 vs 2.9).
Institutional subjects were considered more important for students
with functional health literacy N9, for those who did not report the in-
ternet and social media as sources of information and for people from
Genoa, Chieti, Pisa and Florence). On the other hand, students with
functional health literacy ≤9 and those resident in Florence, Padua and
Sassari considered non-institutional subjects to be more important.
The real fulﬁllment of actions against environmental risks was in
general considered more effective for institutional subjects (mean: 2.6
vs 2.4). Students with functional health literacy N9 were more trusting
in the Ministry of Health and Public Health Agencies in terms of fulﬁll-
ment, while students with functional health literacy ≤9 were more
trusting in Regional Environmental Agencies, Municipalities, “ecolabel”
industries, environmental associations, non-governmental organiza-
tions, local community stakeholders, and individual citizens. Finally, fe-
males were more trusting in physicians than males.
The multiple logistic regression showed that trust in institutional
subjects can be predicted by functional health literacy and area of resi-
dence (Table 2), while no predictive variables were found for trust in
non-institutional subjects.
The responses to the trust in information on health risks from differ-
ent sources, the importance of different subjects in protecting the gen-
eral population from environmental health hazards, and the
evaluation of their fulﬁllment are reported for single source/subject in
Figs. B.1, B.2, B.3, respectively, of Supplemental Material B.Table 2
ORs and 95% CI of trust in institutional subject determinants.
Variables Low trust in
institutional
subjects
n (row %)
High trust in
institutional
subjects
n (row %)
Crude OR
(95% CI)
Adjusted ORa
(95% CI)
Internet and social as sources of information
No 270 (25.4%) 794 (74.6%) b b
Yes 928 (25%) 2782 (75%)
1.019
(0.871–1.192)
1.013
(0.863–1.190)
Functional Health Literacyc
High (N9) 606 (22.8%) 2050 (77.2%) b b
Low (≤9) 595 (28%) 1527 (72%)
0.759
(0.665–0.865)
0.780
(0.682–0.892)
Gender
Female 800 (25.7%) 2307 (74.3%) b b
Male 401 (24%) 1267 (76%)
1.096
(0.954–1.258)
1.102
(0.956–1.269)
Area of residencec
North-centre 490 (23.9%) 1559 (76.1%) b b
South-islands 711 (26.1%) 2018 (73.9%)
0.892
(0.781–1.019)
0.870
(0.759–0.996)
Smoking
Never
smoked
800 (24.3%) 2492 (75.7%) b b
Current
smoker
345 (25.2%) 1025 (74.8%)
0.954
(0.824–1.103)
0.976
(0.843–1.129)
a Each odds ratio is adjusted for all other variables in the table.
b Reference category.
c Indicates important differences.
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Environmental risk perception data have been studied for over
30 years, due to their importance in understanding people's attitudes
and in planning information interventions (Covello, 2003). Neverthe-
less, our study shows various features that make it original and innova-
tive: which mainly concern the large population considered, the
functional health literacy analysis and the study of mass media and so-
cial media coverage.
The survey design (in a short period of time in every city), and the
instrument (with a high internal consistency) made the answers com-
parable among the different geographical areas and the administration
method (in study classrooms, with the immediate collection after com-
pleting) guaranteed a very high response rate (99%) avoiding the selec-
tion bias based on the willingness to participate.
3.7. Study population: socio-demographic characteristics and health
literacy
Studies on environmental health risk perception have often focused
on speciﬁc groups of populations such as people living in polluted areas
(Signorino and Beck, 2014; Coi et al., 2016; Kuroda et al., 2018), and
high school or university students have also frequently been involved
(Yapici et al., 2017; Durmuş-Özdemir and Şener, 2016; Weber et al.,
2000; Bilgin et al., 2016; Young et al., 2015). This is due to educational
reasons and given that young people studying at a high level will likely
be the future educators and decision makers. A detailed description of
the surveys carried out among student populations is beyond the
scope of the present study, however a literature review was performed
in order to compare our study design and results with other studies,
which is reported in Supplemental Material C. Brieﬂy, in previous sur-
veys among high school or university students, the questionnaires
used have generally been based on multiple dimensions (i.e. demo-
graphic and social characteristics, awareness, attitudes and risk percep-
tion), and many risk factors have been considered. However, the aims,
target populations and individual questions were different, so that our
comparisons had to be limited to general aspects.
Studies considering such large populations and areas are very un-
common due to their complex organization. The majority of studies on
students considered small numbers of people and limited geographical
areas (see Table C.1), except forWeber et al. (2000), Altunoğlu and Atav
(2016), and Young et al. (2015) who performed a nationwide survey
enrolling numerous cities across the USA, Turkey and Taiwan,
respectively.
Also, the survey carried out by Zhang and Fang (2013), Zhang et al.
(2013) and Altunoğlu et al. (2017) included a large sample size, with
N1000 students, but each study was limited to one city, thus lacking a
broader vision of the whole country. Moreover, no one of these studies
reached the size of our sample (4778 students).
Our study analyzed a very broad population, distributed over an en-
tire country. This revealed spatial differences, but also increased the var-
iability of the studied population, thus highlighting the most important
associations or differences that go beyond the geographical distribution
and can be generalized.
In addition, we carried out the study during the same time period
(about a month) in all cities, so that differences among universities
could be attributed mainly to local situations and characteristics of the
sample (gender, area of residence, degree course).
Considering the functional health literacy, although in the case of en-
vironmental risks, some authors (Kuroda et al., 2018) measured health
literacy in its critical and communicative dimensions, in this work we
decided to use a simple measure of functional health literacy. The cur-
rent Italian validated functional health literacy measurement tools
(Lorini et al., 2017; Biasio et al., 2018) seem too long and time-
consuming to be used as items in more complex questionnaires on
risk awareness and perception. Moreover, our test is also easy toPlease cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
university students, Science of the Total Environment, https://doi.org/10.1translate and does not need a cultural adaption, in the hypothesis of
use in multicultural populations.
In the studied population no differences were found in functional
health literacy according to gender and geographical areas, while it
was positively associated with the level of university degree (it was
higher for master's degrees). These results are partially in accordance
with scientiﬁc literature, in which the level of health literacy increased
with the grade of school education (Zhang et al., 2016; Dolezel et al.,
2018). Moreover, further positive associations where found according
to female gender and high family income (Vozikis et al., 2014; Zhang
et al., 2016; Sukys et al., 2017).
3.8. Sources of information and mass media and social media coverage
As expected, the internet and social networks were the most used
sources of information, in agreementwith other surveys on similar pop-
ulations (Bilgin et al., 2016; Durmuş-Özdemir and Şener, 2016; Zhang
et al., 2013). This predominancewas evenmore evident for the human-
ities students and for females, as reported in other studies (Escoffery
et al., 2005; Fox, 2011; Rice, 2006; Horgan and Sweeney, 2012), al-
though in the whole population and about health in general (EU,
2014) no difference were found by gender. Nevertheless, the quality
of information was not completely satisfying for the 64% of students:
this percentage was quite similar to the one resulting from
Eurobarometer (EU, 2014), where 73% of general population was “fairly
satisﬁed” of the health information on internet.
The risk perception of environmental problems is often socially me-
diated by themassmedia, especially when it is not directly experienced
(Weber et al., 2000). Mass media, including digital and social media
have been proven to have a signiﬁcant inﬂuence both on the knowledge
and attitudes of people (Nelkin, 1987). Considering environmental
risks, the information in the press, on TV, websites and social media
have been strongly associated with risk perception and sometimes con-
sidered as a determinant of conﬂict (Bennett et al., 2010).
In the era of social networks, health-related information can be rap-
idly available, representing ofﬁcially reported datawith a good sensitiv-
ity. The social media information has recently been used for
epidemiological surveillance, digital epidemiology (Khan et al., 2010;
Salathe et al., 2012) and for environmental pollution research (geosocial
search) (Carducci et al., 2017; Jiang et al., 2015; Sammarco et al., 2017).
Concerning geosocial search, it ﬁnds user activities advertised on Online
Social Networks (OSNs), in a speciﬁc geographical area (Beckerman
et al., 2008) and can be used to reveal alarming events and to follow
how they are perceived over time. Despite the recognized high potential
of infodemiology (the study of occurrence, distribution and content of
electronic health information (Zeraatkar and Ahmadi, 2018)), there
are some limitations in using it to gather epidemiological data: it tracks
only the segment of population that uses the Web, that is often un-
evenly distributed; it allows only a surface picture of a situationwithout
any other individual health information; and it does not allow to have
precise information about the real size of the study population.
Our study had not an epidemiological aim, so itwas plannedwithout
speciﬁc focus on a particular environmental risk or disease. It was a ten-
tative approach to investigate if the level of risk perception directly eval-
uated by a questionnaire was related to measurable peaks of
information, both on traditional mass media (newspapers) and social
media (twitter). A further analysis of articles content in relations with
health problems could be the aim of future development of this study.
3.9. Environmental risk perception
Globally, the impact of environmental risk on health was over-
estimated by the majority of students in comparison with the global
burden of diseases attributed to the environment by the WHO (Prüss-
Üstün et al., 2016). The reasons of this discrepancy can be attributed
to the lack of knowledge: in fact, a high functional health literacy wasent and health: Risk perception and its determinants among Italian
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tributed to the environment. Considering the importance of environ-
ment on speciﬁc health problems, the respiratory diseases were
considered at the ﬁrst place, followed by tumors, infectious diseases,
congenital malformation, heart diseases and neurological disorders:
the relative importance given to these diseases does not represent the
one deriving from epidemiological studies at a global level (Prüss-
Üstün et al., 2016).
To assess the perception of health risk deriving from the environ-
ment, a wide list of speciﬁc issues of possible concern for people was
included in the questionnaire: these were chosen on the basis of pre-
vious studies (Carducci et al., 2017; Zhang and Fang, 2013) and with
the aim of representing an overview of environmental health risks as
broadly as possible. So it was quite predictable that the top three en-
vironmental risks were “chemicals in food or drinking waters”, “pol-
lution of groundwaters” and “outdoor air quality” that represent
environmental matrices with the highest exposure by breathing or
ingesting like ground waters that are frequently used for potable
purposes and in the agri-food sector. Other environmental factors
of growing concern such as climatic changes or contamination of
sea, lakes and river water could have appeared less strictly related
to health, even if they represent major environmental problems.
Moreover, at least in the period of the survey, the information from
mass media and social focused on the problems of air or water pollu-
tion rather than the climate change.
In general, the environmental risk perception is strongly related
to the contingent situation and some surveys have been designed
to explore the main risks based on the geographical area and the pe-
riod. This is the case of surveys carried out in Turkey (Yapici et al.,
2017) and Poland (Bilgin et al., 2016) where nuclear risks were
ranked ﬁrst among other risks, in coincidence with a public concern
on this issue.
In our work, a wider list of environmental risk was investigated, also
in order to evidence differences among cities. In fact, even if the risks
mostly indicated as “very important” or “important” were related to
chemical pollution of water and food everywhere, geographical differ-
ences were found for the perception of road accidents, geneticallymod-
iﬁed food, pollution of coasts, rivers and lakes. In Naples, the perception
was lower for ﬁve risks (nuclear facilities, exhausts and emissions from
industries, chemicals in food or drinking water, germs in food or drink-
ing water and trafﬁc noise). The different pattern of environmental
health risks can be attributed to the environmental conditions ofNaples,
a city characterized by waste, air and noise pollution issues (Mazza
et al., 2018), thus citizens tend to underestimate every-day-life risks
as trafﬁc noise or polluted air or waters.
The global risk perception indexwas generally quite high and higher
in Genoa, Turin, Sassari and Florence. These differences may be attrib-
uted to the different environmental conditions, political debates, or
media attention that changes over time and space.
Our study investigated the role of functional health literacy as a
determinant of environmental health risk perception as already
demonstrated for other topics: i.e. it was found to be positively asso-
ciated for over-the-counter drugs (Calamusa et al., 2012), and diabe-
tes (Darlow et al., 2012), and negatively for teratogenic agents
during pregnancy (Lupattelli et al., 2014) and for vaccines (Brewer
et al., 2007). In fact, the risk perception can be also affected by psy-
chological and social factors and can show a reciprocal inﬂuence
with trust (Siegrist et al., 2005). Both the “global risk perception”
and the “general environmental health risk perception” indexes
were higher for the high functional health literacy students, thus
conﬁrming the inﬂuence of this determinant.
On the contrary, the self-perception of their own health was not in-
ﬂuenced either by functional health literacy, or area of residence, or
gender: it was generally good (83,1%) even higher than the one found
in a nationwide survey on university students (77%) (de Waure et al.,
2015).Please cite this article as: A. Carducci, M. Fiore, A. Azara, et al., Environm
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factors for many diseases: among them smoking habit is the most rep-
resentative. In our sample about 30% declared smoking, with a lower
frequency for subjects with high health literacy and living in the North.
The obtained results are in accordance with Italian data on smoking
habits (PASSI surveillance system (Progressi delle Aziende Sanitarie per
la Salute in Italia - Progress by local health units towards a healthier
Italy), n.d), with 28% and 31% of smokers in the 18–24 and 25–34 age
groups, respectively, and the highest frequency in the regions of Centre
and South. In similar populations the smoking habit was slightly higher
among males (Teleman et al., 2016) while in our study no difference
was found between genders.
The smoking habit inﬂuences the environmental health risk percep-
tion: many smokers consider the environment as cause of tumors and
hearth diseases, that are, also, the most important diseases linked to
smoke as reported in a recent report on smoking prevalence and attrib-
utable disease burden through theworld (Reitsma et al., 2017). Accord-
ingly, among personal behaviors, smokers tend to underestimate the
importance of smoke as health hazard (EU, 2007). The majority of re-
searches investigated the association between smoking status and risk
perception of smoking (Ferrante et al., 2010; Wagener et al., 2014),
but there is still a lack of studies addressing smoking and risk perception
of environmental health issues. In our study, we observed a global risk
perception index lower for smokers, suggesting that smokers are gener-
ally less afraid for factors that can affect their health: accordingly, sev-
eral surveys on risky behaviors in young people demonstrated that
dangerous lifestyles (smoke, drug addiction, gambling, etc.) are fre-
quently associated (Rondina et al., 2007; Zuckerman and Kuhlman,
2000).
In our study, the internet and social media as sources of information
were predictive for a higher risk perception. However, an analysis of the
information from newspapers and tweets, there appeared to be no di-
rect inﬂuence on risk perceptions, probably due to the scarcity of col-
lected data during the period of survey.
The peak of tweets for Modena was difﬁcult to explain in terms of
their topics and the simultaneous newspapers articles. However, a fur-
ther comparison between two cities (Modena and Pisa) showed a sig-
niﬁcant difference between the global risk perception index. Among
the single risks, a higher risk perception corresponding to a higher num-
ber of tweets was found only for industry emissions and discharges.
3.10. Trust
Trust in institutions is considered an important factor against the
“outrage”. Some studies have demonstrated that in situations where
an environmental problem occurs, it is very important a rapid response
from institutions and the involvement of population (Sandman, 2003).
Our study explored trust towards different subjects in informing cor-
rectly, in protecting general population from environmental health haz-
ards and in really fulﬁlling their duties. On the whole, physicians were
the most trusted for every of these aspects, conﬁrming that they are
still a reference about health, as demonstrated by numerous studies
(Blendon et al., 2014). On the contrary, the second position was differ-
ent according to the question: as information source, universities and
research institution were more trusted than other public institutions.
This result can derive from the study population represented by univer-
sity students. Concerning the importance for the health protection from
environmental risks, the second and third places were attributed to the
involved Ministries (Health and Environment), but it is noteworthy the
role assigned to individual citizens considered, “extremely important”
or “very important” by the 57% of students. This indicates that the re-
spondents give a high value to the action of general population, includ-
ing themselves: some other surveys investigated this aspect, referring
to the “locus of control” that indicates the degree to which people be-
lieve that they have control over their lives and events (Rotter, 1954).
There are some evidences that a higher internal locus of control isent and health: Risk perception and its determinants among Italian
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and behaviors (Pavalache-Ilie and Unianu, 2012; McCarty and Shrum,
2001). The frequency of people recognizing their own importance in
protecting the environment was explored in other surveys: it was 37%
in 1990 in USA (Roper Organization, 1990), 28% in a similar population
(GfK, 2011) and 60% in an adult Italian population in 2016 (Carducci
et al., 2017). On this question notable inﬂuences of sources of informa-
tion, health literacy and area of residence were also detected. The lower
use of internet and social as well as the higher health literacy seems to
increase the importance attributed to institutional subjects.
The real fulﬁllment of actions against environmental risks was in
general considered more effective for institutional subjects, mainly by
students with functional health literacy N9.
The multiple logistic regression showed that trust in institutional
subjects can be predicted by functional health literacy and area of resi-
dence. The functional health literacy was the only predictive factor for
all the three aspects of trust in institutions: as sources of information,
as important subjects and as effective actors against environmental
health risks.
The main inﬂuence of the area of residence was on the trust in the
real action of institutions, which was signiﬁcantly higher in the
centre-north, in agreement with the well-known Italian social-
economical differences based on geographical pattern (Musolino,
2018).
4. Conclusions
The few studies that have evaluated the relationships between
health literacy and risk perception in terms of environmental issues or
trust (Kuroda et al., 2018) suggest that to plan effective risk communi-
cation strategies, the health literacy levels of target publics should be
taken into account.
Our simple functional health literacy test may thus be useful in sur-
veys on environmental health risk perception, attitudes and behaviors.
It could be included in a more complex framework describing Environ-
mentalHealth Literacy through related perspectives such as health liter-
acy, risk communication, environmental health sciences, public health,
and social sciences (Finn and O'Fallon, 2017).
In our study, the functional health literacymeasuredwith our simple
test resulted associated with many of the investigated aspects: pre-
ferred sources of information and relative quality, risk perception for
singular risks and on the whole, trust in institutions.
In conclusion, we believe that results of our study may be of help to
strengthen information and education programs. In particular, func-
tional health literacy should be increased by adding health information
and education in school programs, to produce a basic knowledge for a
better understanding of health and environmental issues. Moreover,
the relevance ofmass and socialmedia suggests including them in plan-
ning communication intervention in environmental health and in veri-
fying their results.
To the best of our knowledge this is the ﬁrst study on environ-
mental health risk perception and trust to show an association with
functional health literacy, mass media and online social network.
This highlights the need to include these factors in such surveys, to-
gether with the importance of analyzing social networks in order to
provide a timely measurement of public sentiment (Wu and Li,
2016).
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